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A DIRECT MEASUREMENT OF loN COMPOSITION AND 
CONCENTRATION IN THE DAYTIME F,- REG ION 
In 

II. c linmi.n. M W Phnro. HI. 

H (i Mnvr*. and II. A. Tavl » .Jr. 

A R.S7JMC / 

The ,M>Klllvr i mass apcclroinetei t>n the Geoprolx (NASA * 25; i ot ket 
measured the « «>nc cut rations ol o' . N" H He', NO', U ? ‘ ami N ,* between 
2D(i km and wuk allitud» . *»Jn km. i. 1 '« «•«. I'ST on March 2. alxive Wallops 
Island, Virginia o’ wi*> the dominant ion throutfhoit thi altitude ramp ■ renoh- 
UiK a maximum concentration of > ' in' i«-n f * in’ at 2 fit* km. H* was first 
detected at 230 km and me reused in » :>iu i nt ration to 7 * 10* ions cm* at peak 
altitude. I'he H He* ratio was !ii*cr l him '> l», the value at 120 km NO' 

and l) ; ‘ were important t onstituciits at 2nn km. the concentration eac h betas 
5 y JO 4 Ions an 1 the; lell off rapid/; dune this altitude He* was in photo- 
chemical equilibrium up to -I no ken will a r ile < neffic lent «,l 0 5 * 10 \ in set _l 

for charge lian.ufer with N ^ , in agreement with laboratory measurement H was 
in charge exchange equilibrium with (>’, o and H u{i to 450 km. the temperature 
derived for the neutrals in ixith the He" and H* chemistry was 700 K, which 
agrees with measured l»\ companion neutral particle sensors. From the v.u - 
Mtion of H* O' und an o dlstrllxulon Imsed on a simultaneous KUV measure- 
monl. a profile »>( M in the them it al equilibrium region was calculated. The 
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• »b NASA 


derived H concentrations are higher than the JacchJu 196-1 Mo<JeJ predictions, 
and agree with Explorer 32 spectrometer results. Anahnls Indie ate a that N* 
wa« not in diffusive equilibrium at 300 km, and that a downwnrd neutral wind 
V 0 = -?,0 m/sec is required to pr.xluce the observed N“ s^nle height at this alti- 
tude. Distrllxjtions of 0‘ and H* above 300 km were derived In 8 olv mg the con- 
tinuity equations along field linos, an upward 11 * flux of ].f, * io* < m } sec wr.a 
required to reproduce the observed profiles, indicating that tne critical flux is 
at least an order of magnitude higher than previously believed 
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A DIKIN'! \ KI.MKS'I <>1 1<*N COMPOSITION* AND 

( ONC r NIKA Ho\ IN I NI DA V PIM1- 1-,-KKGION 

in i Horn t nos 

I he c.«**»pi *»Ix* N AS \ - . u i-' lmm< lied iiom Wallops Island. Virginia at 

\:<oo f;sT >n M »r* !* * rmii An Argo l > t c'xket < tri led the prc-ssui i/ed < Om- 
drU .i! pm < -tnt-nmng six i xpmment*' t«* an altitude of b.M; km to me imre 
tin \ert« il |i»<. files <>| i- |i-i u»»n *« ». «- »t\ and ten i»«*ralure. neutral ga<* dens if. . 

' ;n- I iltji*-. uvf « »n- < n» ration and rompnviLion. V'tlu tble 

« c-i lel.itiM d.iLi m le '»M m • ■' th< ■ i n is IligM o| *n U 

s-k ki t. N \SA 1 '» ,, I Jaur«< - x for. th»- Dcoprobe to nw a.sur .■ m 

i oinmg sour 1- t \' mdi lUon i' « • i n 1’" “ We report Her« tin - - rsults t»b- 

t.iini d 1)\ the « -n>i>i t»l>t i.-n n »- v,.* . ti < m ,« i« i and interpret llu s<- r. suits islng 

pin terns oi A.ii.t out. nil' d b\ • h« -4m i i-xjii t intents 

PA\ IOA1) INS l Kl MKA l \ 1 1< n 

I he loll- -w mg mi ut- on pus,-* • (« ofiro X- i>.iv load (Figure t> 

4 !« < tr <, static ,.t< '• iii.ir.it retarding poji-iti.il an.ilirern for ions and electron*, 
Penni tt ion n .1-^ -j», M tiun eler CW propagation experiment (two- frequence 
dspeisive (loppu-t Knap.* i tw i bavar : Upert gauges and a neutral particle 
magnetic iiu.s sp« . it .mu ter Additional instrumentation included an optic al 
.,sp« 1 1 m mimi , ? •< .if,<l ■ iw ir .ignetoii eters. am. supporting elect runic* 

Hie ion s,».s ti.»ini»t. i and the ton retarding potential analw.er were mounted 


,«t the forward « nd >»* he pas load as shown m figure 1 To provide a unlfoim 



oJfotrJc an aluminum guard ring with a grfrfded op mug over e:u n mstru 
nu-iU orifice covered the end of the b-nload and was insulated irom it. 

THE ION SPECTROMETER 

The Dennett ion opectromcli i consisted of a single instrument package 
containing both the ceramic f'.ent.<>r tube and electronic** The tuoc was similar 
ir construction to those previous!', i low n on roc Lets .« n.i satellites as described 
in Ta\ lor el al. I%3. Iii6.'> The theorv o' Bennett spec ti onieier operation 
ha-* been rigorous!} described in the literature C. V Johnson, i960,, so onlv 
those characteristics particular to the Geoprobe instrument will be described 
here 

The sensor, a >3 t itle {> mm lube, was mounted with Us axis parallel to 
the pavload axis. Hie guard ring (G,) was biased on alternate mass st a ns at 
0 ami -1 volts, the negative potential producing no mei'wraMe change in col 
tec led ion A ’.u , ri , ni at 300 kri, !>ut im renting the current In a factor ot Z at 
peak altitude. I he trlan' dar accelerating voltage <V # ) scanned live maun r'uvge 
from 0.0 to *t.b amu, and then from Jl to .» nnu with a period of j * seconds b\ 
switching the rf from iu> Mli/ to 3.3 Mhz The stopping voltage p',>. which 
regulates the flow- of ions to the spectrometer collector, wns alternated lx* tween 
•is and 57 volts, the change occurring cver> tuo mass a< aim. The stepping 
guard ring voltage a. id V, therebv {trovulp t four experiment operating modes 
and corresponding sensitivities 
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Ion ( urrrnl Data 

Between lioi I . ES I at a ■ .lDtu-.c "1 177 bn. lour **et "ivi H* r nose ' one 

ejet lion and 1 t| at Vm during i».«v *i»ad desicni. 17'. ma\s ■*< up- ■ on- 

laming) n tu'-ien* v«-vVcv •#.« t Povs \m re det< < ti d a* 1 . i’. M' l 1 -' 

ls*.j«*. 10 i ref V ’ amu id* r.t n* f i #*',/•'" eh 'is .itomn * *di ogen. h< Ruin, 

atomn mtrog.M, indowgi n • ii« < «p-u . nv-lec ula' nitrogen. niii u oxide, and 
i. voire ula» '•> \ gm snumll i.h » . ,*r» s. mm, tne »m nl i»-n ot rent profili s 

measoi ( d m 0 • <* volt I- » ode ar' ’hown m iigur- The 

fii:\e |„ 1 \* .*o -u.oolhi d I ' ! • * t s -1 '(.ni'i,' • hit h 

•k curi wi(» i *i.t if am '• ' f i ' i .i a -< dt< r --t J. 3/ 

in tiu' jH)int> Ji f i t f i,' imi r , i • ■ * 1 1 , ' > ■ i a t oire* *mn w.t, implied to the 

pi. ,i * j • ed i l ’ ji.r. ji rent 1 h * • > • i • ' * ■ • i n i«.s h '•i r mi mu' i > >f i i ’ i * ■ *.p**c t r «»me ter 
ai.ih <■■>.* * in th» -.•••»* ; • a^ t r« d ion i u um«i ir di riving 

i til 1. ■ 1 in.* i» • . i- n , i -e . *'- * .w <>i 'inf.. <«.*»-.* .»e* .tienU- 

(n.n during !»••».« at 1 tusir,,.. r ><i tno-i^. :• * in -b* p.n )(*«/!■* ,*ke 

lM.i '»■»!• Im*- Jk.i li*'li of ti • Ilg'l '<• 'U-t ;.r ■■>.« nted 

D M it . ■ r. ... l<»n ( oik out ration Piohles 

I • .» • <»r . i*i .n irom i«in ■ urreri* t > wnbient ion * oik entrat jmii w •> j * i formed 
b\ m.i irri/i ig ti' t«*al ion current profile .1 > to a profit ol t>,i total ion con - 
* entrat « •. i * ■ r- latt* : ha\ U-en detei mined bv other f.w -probe ». haigixi 
pat in i . i rii« nt* The N prolile »n ig>ire 3 was obtained bv av • raging 
the <dertr» i. inmit, (list rli)uiions obtained in the electrostatic piolie Brace et al.. 
IUSk and ( \v pi opagation evpei hnent S J Bauer, private conununlcfttion and 

' 'iiMtv pioilic oW.nned bv He von retarding potential anuh/< r i 1 Dontc* 



the ion 


nriv'l* < **mmi .u< at ion l hi* n**< . ss.tr\ issu,np': ,,r t' t haitfr n«n.iraht\ existed 
at all altitudes was well Mj{ip'*:ti I » .*• tm data It nu\ fx* m rn iti.il the 1 and N 
profiles tro similar in form. >>ul t*-i'. t*te\ Jiwrge at high and low altitudes At 
high altitudes the divergent e w as > :ius<n' S. the dec r easing \*-i'ti« .il « ornament of 
pn\ load w)nriU and im reading spi i tr onn-ter fuitfle-oi-aU.uk. uM« the diua- 
tjon below 3 oo kilometer s was the result of ' shadowing of the pir load In tht 
* jetted nose i one I'lm i«»n luvreni measured 1 a the retarding fjolenUal anal\7 er 
ad tat • nt to thr ior» sj>e< tromet**r exhdil' 1 *! Mtrnlai tehavior J 1 I>»nle\. pri- 
vate t ommunk at ion . In deti\ ng tin altitude profile** # »f the ir.d’ .dual ion <*»n- 
sliluen's shown m Figure 1. it was axsum* 1 that the ration oi the rf.easured ion 
turieiils »ti<uraicU MtletUd th« ratio* t*.* ambient vOtuentrati >«»» (except 
for r \ as stateJ lar'icn 

H should lx- p >:nte*l out t r, «t lira- e • t jl. U*'- v haw reported that the elec- 
tron driM*' t‘.i\ measuft i during i' *v lo'ul d»*s< ent *ts 1<* lout i t twin that 
t’H-iNjh' m v, i^i * he -hit* • >'iu e i** iiirdAiti'-l to a horizontal densiti gradient, 
u»d U'^auk'* < I the t.eoproOe 1 * luge hon/onial range (s?| km# Our ion 
dat i Hr!* obtained <m aKt iil and h,i\ ►•ecu normalized to ttu .(. scent concontru- 
1 1 ‘ n 'liMr joutioii It is Dinhahli* then. ili.it the i*-n profiles alm\ e *'•«• kin (where 
.« rti<al hoi i / onl.il r.i'u ** low) do r.ut repicsent pure altitude varia- 

tions Out deviate Imm the l»u* dlslr'buliciii*. In as much as dO'l. 

Alur.de V.irlali- n of Ion Composition 

I he .tri.it ion with .iltlli’de »»f the individual i«»ri concentre* one in presented 
' f .gun \ < >' wo *he domir ant c muidveni throughout the observed altitude 

eije, Its cone end at ion rent lung n maslmuin of approximate!* 0 * It-' Iona. cm 1 
t j'.o xrr. fh< ‘i’ profile w.ib similar to that t>l O . the O’ *N rutio being 
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To it ( -tn.iv i.’’ o krtn and i< ■ roa-ou to J< U pe.tkalUludi 'l «*• n**t 
delet tc**l at g >*' km it** < o»n . - d -Ijo'* i-.t | .« % j 1 1 , ill t>/rh to i ai'e “ ' !«■ ' 

ions i ip d pi a» I h* • «*n» > nt» »le«' d« ru er • ei 'fed that of d , {» 

M" He* r it if l.t I/./ friialie**! ■' i.O' i n» n d - ai'j< was *. " i , - < . i * -u < 

of the »nin- r i*f»I# i>la%»d b\ ll< d irp,,- thl** p* ri'*' -if low s<>; ii i< tj - ip 

potted 1 a i\lrnsi\* p>ri • <»ri ■ | • lien : il * .* lained rioiu l‘u \ •*.■1 >i 

i t < i** on t »■. <*.»» f ,* p. r . • .. I ■ >i> ( f i Ii- M ... * . . 1 » - 

-.llellilev 

I he jmpof » .« r , ■ • i • . ». - \* • »n<f \ j. i r t «-.< '1 i i : ,idi . 

a it h in< n .is -'u. i’ til-el' f • j ■ i* <■ ' ' il j -i.oi .. .* ■! n. r ir<g t-a\ ■ - r 1 '< *■ - nt 
* hows t‘iat ts.lh a jiff ( > ■ r • ( i-m" i' « f |> j 1 1 , 'i « on« * nt r it 1 ■ p, » i* it 

.*• r.Pi . »! tff ‘H • 1 1 ttf i • em- , . ■ 1 . . • d i\ v i x 1 1 1 tot, •n.iiositv n no is ,r> 

merit * 1 i\ l"i IlMM-m ■ • . ii- f-t I . '*■ , \r. .. i t* - * .* • 

nu \s iil.it i iiiii i item* '."1 It *1 ■ Uh ilvlul* P- ab>-ur . ■ ■ » f> • 

tfia-iual < '..Ifw f’l - il< lii-i.- I fi'jiiiil ri K a i '• 'ii t' r thl** ■ ' < i nut 

under >'«* ' 1 difft | f • *1 1 ,» e • I i->hi d .Ibn* * tnj* iai | ir.ll- i!< ir ,l 

■in- ert iint - . I '•« moh > -ij.d ri < -it m nt ^ m* a>udsf at high a tili. J* • r ri» n 

ll.e limit f on ti ■ m usUiuIi ind the signal noise ratif* wr<* pf«,i ' 

possible i xpLin.ilioii js that tn< u.olef »jtar bills delrw led atx)\» •’ > kin a< ic riot 
itmospfa t h . '-<i‘ rr- lead resulti-d Horn ionization of contain mar ■ * ■ 

Jr* »ir. 'be p.«, 1 i . 

\» f oiii * ntr.i(i«n i»r»fili i«*r ll.o' i" inciudcf! m f itfure I i or n poixlintf to 
trio < urr* 'll prolih m I . . sin I w< believe this ion was n<*t .itmospln i ;« . 

full r'esu It e<] troll 'Itfi e\< h.lllgt* of M , O OUlgn>tse'l f foil) l he {tuvloid *v ilh 


ambient < >* 


PLSfTSSJo.S 

The um composition of the* .iimospW-ri iy the- product of chon' leal and trans- 
port processes Chemical r«Mc lions dominate nt low altitudes where production 
and loss rales, which dcjH'nd proportionalh on neutral and of circl'd particle con- 
centrations, are igh. With increasing altitude the Mgnificance of chemical 
reac.ions decreases, while lrans{Ktr*. prex esecb become more important due to 
the Im reafte of diffusion c oeffu louts uhu h depend imcrsch on particle concen- 
trations Thus, for a given ion spec ies < hemic a] equilibrium holds at lower 
altitudes, while diffusive equilibrium governs the ion distribution at higher alti- 
tudes Doth t\ pe** of equilibrium pr«n jde simple relati >n ships Jxjtween the ion 
distributions and gas or pi .sma temperature, we will evaluate certain of these 
relations hips using the Geoprof a data. 

Ok mu a! (Equilibrium Dislri Ixilion of H* 

I f>. Johnson lf»>0 rocogni/ed the significance of the charge exchange 
reaction 

O’ • If • 0 (1) 

in the formation of the p-otononphere. Hanson and Ortenburger lybl discussed 
the hydrogen Ion distribution In some detail and showed that If approaches the 
chemical equilibrium dlstrllxjllon 



at altitudes tie low 700 km. Relation (2), In conjunction with Geoprobc measure- 
ments of II * and ()* . leads to the derivation of the noutral gas temperature T f , 


if H and n are assumed to >«• in iitfusio equilibrium. Kquntlon (2) can lx- 
w t men m the form 

H -> « ,2.1- 

*' * O 

thervbv i elating the ratio o( ne\»t« U owl (», whose illiludc variation »>» onlv a 
function of I' . to (fu> ine.isui i'd i ilio of If ,md < > I fie sv.ilc height, . o| the 
ion ratio is delim -i bv 


)» which 7 l*. g« »»p»*lenli il ;• *! ■ ' )* cl J*v 

i -r ■». 


where g tV* gi a\ it.iiion.il i. • eu ration at a rclerem c height h . and g is the 
acceleration a* aUibidi'h 1*-. su'. height of the ion i.p.io is thus related 
through cJai to f-e nowti al constituents .t" follows 



The equation* of diffusive equilibrium for H and O are 




0 i»nd 


(5) 
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" hl ' re in* and rr^ arc Ihe masses o< |( attl o tvsmuif, Subsiitulinn ('>) and 
(C) into (4) leads to the relation 

*• kl (7) 

showing dial the scale height r.f the observed ion ratio is only a function of T t . 
Although allowance was made tor a temperature gradient m and ( 0 ), »( cvl- 
<lc*nth does not depend on it. Con frequent 1\ it should be possible to deduce alti- 
tudinal temperature variations »a determining the scale height of the H* ’/£>*! 
ratio at different altitudes. 

The attitude profile of If tv measured b\ the Geoprobe spectrometer 
is ‘.he solid line In figure 1 Applying relation (7) to the beet-fit dashed line we 
derive an atmospheric temperature of 75o K, a value in reasonable agreement 
with temperatures determined by the Geoprobe neutral particle mass spectrom- 
eter Cooley and Ileber, 1968 and pressure gauges Pelz and Newton, 1968], At 
■’.60 km the ion ratio deviates from a straight line indicating that relation 12a), 
and thus chemical equilibrium, no longer holds. This is expected, as the dif- 
fusion process which tends to decreas- the H ’concentration becomes significant 
at higher altitudes. 

The distribution of neutral hydrogen in the chemical equilibrium region has 
been derived using the measured ,H •.'/,<>* 1 ratio (Figure 5), an altitude profile 
of O. based on the near simultaneous measurnment of solar KUV by Hall ot nl. 
1967., and relation (2a). The 0 1 profile and calculated !i distribution are 
shown in Figure 6 The iO distribution was obtained by extrapolating upward 
the low altitude O data of Hall ot al. (circles in Figure 6), assuming diffusive 

8 
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equilibrium and employing the derived of 750' K. Itcasonnblc agreement is 
shown between this profile and the dashed l* dlstrlliullon from the most appro- 
priate model atmosphere of Jaeohia 1904 (1200 I,T, F )f| , - 90, and T ( s 850' 

K). The calculated H (listribution. shown as a solid line in the chemical equi- 
librium region, is a factor oi approximated five higher in concentration than the 
Jncchia prediction, and Jo In general agreement with the measurements bv Heber 
et al. llm-. . employing live neult at parti-, le mass spectrometer* on Fx.dorcr 32. 
A diffusive equilibrium profi'e foi M at T *0 K, tin thin solid line in Figure 0 , 
was located In normal! '.ith-n to tb» < .ib n.ited If distribution and fits the latter 
well. 

Chemical FquiJihrJum strict ion o ' He ' 

The altitude profile of Hi ’ m« asured by oeoprob* is shown in Figure 7. 
Atmospheric helium ions an plodded U\ photoloni/.auon of neutral helium and 
lost »n charge transfer rear lions with molecular constituents Bauer J%6 
pointed out that. according to laboraloi \ im asurements, the reaction 

ll» ’ • N, lit • N* S (8) 

would Ik- expected to **• the most important loss process for He' in the chemical 
equilibrium region, with a rate coefficient kj of 10 v cm J sec 1 Ferguson et al., 
llhil . He found this ’.alue of V , lncon&lslcnt, however, with the rocket spectrom- 
eter men .-m remoras of He* and N* b\ Pokhunkov L 1963 i f which euggeated an upper 
limit for the e.-effk n-nt of 10 ‘ ‘cm J «ec 1 . Our study of the Geoprobc results 
indicates tliai He* is in photochemical equilibrium up to 400 km and that the rate 
coefficient detei mined from flight data agrees with the laboratory measurement. 
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N atm] O , and N and O. respttliwlv Combining the Geoprotx* ion composition 
measurements with T, data from the el«-clro»iatic prciN- in ihc Name payload 
Itrac* el al, , l%* allows u> l<« e.aluate equation Ob at 3uu km where T can 
be fta burned almost equal U» T f Hit* following values are obtained lor the terms 
In (11) the* first term on the right hand bid** • 1 . ■ W \m 1 the second -3.7 * 

10 cm and the third *1,0 * 10 cm 1 . Thus for dilfuslve o' dlibrlum, where 

V,. - '- rj • - V s . - v fl t o, t he n dibiriiwiion is given by 

1 N * , t *-'- 1 i 

.2 " . in . «, Ola) 

moaning that N should incr ease *Hh altitude with a scale height of 30 km. The 
Geoprolx* observation Indica!'***. howey er that V* is decreasing at too km with 
n scnle height of Iho km. Melding a taltr of -3.5 * U» 'em 1 for (11a). Thus 
* e agree with the suggestion >n Hauer '966 t based on analysis of the 
P«>khunkov 1003 data, that difluvw equi'ibrium ma> not hold for N at joo km. 
we therefore conclude that the effects of the drag terms in (ll) must be considered. 

The transport yelocitx V s - < an U* estimated b> considering the continuity 
equation 

V., H«- N, k v v O, - *v N* , O (12 > 

In which reaction (8) Is assumed the source of N * and the reaction 

N* * NO* .0 (13) 

with kj - 6 « 10 "'em J sec 1 , Ip assumed the dominant N ' loss process 
Fehsenfeld et n 1. , 19651. I3y integration of (12) the Ion flux V M » iN*. is given bv 


1: 




p , 



it It IS a*. ti.ut 11 Mgh .tJiiiud* - \. • -U, i., i' bo#. /'TO Jt was J« in or. si rated 

earlier that He * is m cl * .nic.il - >« .him ,m 4 t-> \> ■< km. Inr rinsing *Uh nUi- 
tude ,u cording •" * dlstr n l> sf ribi i ■ m. M* »x i tins altitude He aj>* 
prune hr#. .1'ifuslv <■ t *qu'lii»rii-'t ■■ -tart- to reas- . A'- shown in figure I Pa 

substituting do in' • ill. v«- . ’• t «n -...pi r limit »"» Uu- first 

pitfgral 

. ( !(.. \ , :■ 1 1 

w p ere %_ ,s ifn •• an* • »-igr * I • '>*i or * mtegr 1 1 |f ■ I 1) < an Is e\ aluated 

■>. noting that l •»(,*■ ' . Might »I *v . v »s almost « ■»r.sl.i':t Ui\,s 

S !.‘id!Tlg 

k , | N ' i ■ - . \ n , ~ ' ? 1 i ” ‘ ' 1 1 *>) 

'» ’ \ *'<• 

wi,,-n Vl , is il s» *-.*»ght o O. K'cprvsHlon U» i was evaluated b\ assuming 

I- t - ' • u i in -i(jiau>v< bv extrapolating the data of Hall ct af. 1967 

<\,mivtrisnr» of ,\’>\ w*p ,p } , melt au*s that the loss rale of N al»\i 3(»0 km 
* m ee.l*. »h«* j»r .dueti< •» i AU - . ti suiting in en upwind V 'lux of tlv. older of 
\ N ' i • to' * m se< h udi cortvspomih to a velocity of 

V sv« .17, 

at 3oo km 


13 


HrtMnu thus determined ti»«* approximate I'dw .A V s we next demo an es- 
timate of \ • . Assuming that the -rigior. lb sialionarv meg 1 igi Me temporal 
variation; up « an. In a manner similar Ut that for N* . calculate the O * flux by 
Integrating the < onlinulti equation abovi 3o0 km. In this altitude range dis- 
sociative recombination Is negligible, thus onlv photoiomzation <»f n has to be 
<onetderv<l as a source of O Assuming the photoiomzation rate to tx* * * 10 1 , 
cm sec at 300 km Hlnleregger it al.. 11V > % . the calculation \lelds a downward 
flux of 4 ' lo" cm 2 sec. < orresponding tc a veloclt\ ol 

V/ 10- V,., (1», 

at 300 km. 

SubbUiuiins HV) .-mil ii-, mu. ih, o' -S ' drag u-rm ol (11) (with \. c . = 

2 <* > 1 

* y 10 K» n c,n Hl ‘ r ) reduce* the term 1/N* S‘ ' ■ z from its diffusive 
equilibrium value of *2 u ■ !»■ cm to zero, which is in better agreement with 
observation f o fui ther decrease the sca'c height, bringing It closer to the 
measured value, the drag term tn (lli for the Interaction between O and N’ 
is considered \ssumuig i 1 " i«' ,J gra cm\oc * , a downward wind 
V f> 3 -25 m/sec Is requ>red to dot roam- >h* 0 f 1 1 la) to -5.5 * )0 "’em * , 

thereby reproducing thi measured scale height of N * at 300 km. This result Is 
tn excellent agreement with the conclusion of Brace et al. 1D6«., who based 
their wind estimate on the observed O scale height. We conclude that the dla- 
trtUitlon of N ' tn the topside ionosphere ma\ lie strongly controlled by drag 
Interactions arising from the transport of charged and neutral constituents. 

On the basis of this result the alternative explanation for the distribution of 
O* Brace ot al., 1068! involving an upward flux of 0* can bo rulod out. Tho 
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latter would require a positive >■» ward sc <K’»t% V 0 - - '15 m M'C, which would 
Iro reuse tin- \a].c ol IN' N' / K. - i l - U> im 1 . thus rcsiulimg an cion 
greater Increase <»f N' with .di.li.de m < .nt radii lion with t/ie oI»m im*1 distribution. 

Tile two inajoi lvm> in the lopsjdi- i w>spr* u at the time of the (lOoproU- 
measurement wi r * o" . domln ml i* tw* «*ii 1 m* mil at lea^t » »o hm, and H . which 
liecame incietiMngh significant and f»i>al}\ d«»’»i.n/int at higher altitude - rhet,'. 
..oust fluents ■ /etc : mined th* untl rhn.tl •. nrntJ '»/» of «. lec iron <h nsjt\ and plasma 
temperature during this peri*’ ! ‘»f low ,i< 1 1 - its In <»rd«»i to l>eiu-i understand 

the < » and H ’ altitude roll!* s w, • • iU - m d» u t' n produce the dist nations 

theoretical p. 

Considering charge exe'-ftpo iea* U ,,f ' (h, photoinjii/almn of o and H. and 
dilfuston pi ot est.es. the eoiui ui t- « quaint for II O’ and N„ ur»rc vjKtd 
snnullan* ciusi; atxm» am* ko. m the field mix* corresponding to the geom »gm*lh 
location o' thi" <*eoprohe nieasmi n»» nt i.»li«i'*ing the technique ot Must i t al. 
jy{>7 . It wav assumed U» i Mnunclrv Out th< p.wtK h flux is zero al the equator, 
and that diffusion at ross field lim-s .m x neglected The ineasur* d o « en- 
itMilon at tn« km was adopted as a boundan condition and H was ..ssumed to be 
m t hmmu.il equilibrium witii O O and i( lx>fow IdO km according (o relation < 2 ) 
Hie ion and electron temperatures used in the particle continuity equations were 
domed horn the energs eonthmllv equations, in which the energy input rates 
were adjusted («* reproduce the observed electron temperature distribution 
Brace et al. liii.H . The concentrations of H and O at 300 km were token from 
the derived II profile i Figure <>; and .lace Ilia’s Model, respectively, and it was 
assumed that these const ituenia are In diffusive equilibrium at a gas terniierniure 
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<>( 7f>0 K. Following Hrfto- «'t al l!vi* . ano considering ihr neutral wtnd ton- 
c hiHion derived earlier. a wn 1 «*( \ = -2'> m roc was also assumed 

The M and O' dlMrPxitions «cro first < ompoteo assuming no proton flux, 
the resulting profiics fx*ing tm dashed linos in Figure K Tht theoretical O* 
profile agrees with the measur'd distribution up to »of» km, while lx»vond this 
altitude tt differs b\ ,'iu *. 1’hjs dil < rent o could result lr»m« a distortion of the 
measured profile ‘a a ht ri/on' t' < «>m -miration gradient ..s di • u«-bcd m an 
earlier sect mu for the If d. iiiUj.mn the agreement oeiurcn Measurement 
and thearv is ar'eptabU mih >.*• to I /< 1 kn. Wove tins allilade a significant 
deviation is apparent. I he t i 1 u : .ili • It < onrcntraiion at M'O kid is almost a 
facior of three higher than tie 'nets .red value, a difference no' likelv caused bv 
a horizontal dc usjtv gradient \\» n.i.i assumed that th< different e is attributable 
to an upward flux of protons and h,iv» performed a second caUu’ath>n assuming 
an 11' flux »f l.'i " 10* /cm 'set tin lesulls arc shown as solid lines In Figure s. 
While ih< u* distribution is *>nl' flight lv affected b\ the Introduction ol this flux 
the new 11 profile Is now el- • to the measured points over the entire altitude 
range, the difference at hOO kn m mg less than luT. 

\\ e corn lude. then, tnat an upward flux of protons is required to explain the 
Gcoprobe II ‘ profile, and that tm critical flux, the upper limit to the magnitude 
of the proton flow, must lx* at least of the order of !.f> * lOVcm tooe. Phis 
result indicates '.hat the proionoMphei e can be supplied by Ion fluxes an order of 
magnitude higher than previously assumed Hanson and Patterson, 1904, Gelsler, 
19*«7 n fact that could possiMv explain the maintenance of the nighttime Fj - 
laver I l»i h increase in the estimated critical flux is duo to (1) the significance 
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higher fi\ drog'**i < oiu i nti .it iun-< itiivtd Inm i 1 u>r. < om|M>siti<>,i data . »nd <Ji l 1 « 
high transput eiu \ I*f th« <> -OH > n , *i:ii«*l f ■ M hoc .iiise •>( tin It lain e|\ higl 
plasni.i tempi i .itui'es riu .(su> . l I n iuj thi »•<■» r ht flight 
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